A protocol for the one-pot synthesis of diarylamines via Smiles rearrangement under microwave irradiation has been developed. Various diarylamines were effectively synthesized starting from readily available substituted phenols, arylamines and chloroacetyl chloride in moderate to good yields (58-92%).
Introduction
Diarylamines represent an important class of compounds due to their wide applications and special pharmacological activities. 1, 2 Therefore, a facile and reliable access to diarylamine derivatives is of great importance. Among numerous methods to prepare diarylamines, the use of metallic catalysts, especially Pd2(dba)3 and Pd(OAc)2, is one of the most attractive routes. [3] [4] [5] [6] [7] [8] [9] [10] These metals catalyze the reaction only in the form of metal-organic complexes, which constitute the active catalysts in many C-N bond formation cross-coupling methodologies for the synthesis of diarylamines, while such complexes are quite difficult to prepare and extremely air sensitive. 11 Although the reactions can sometimes be catalyzed by diverse ligands, the different kind and concentration of ligands may lead to various products. Accordingly, the amount of ligands must be selected carefully. 12 On the other hand, Wolfe et al. 13 developed a general procedure for the Pd-catalyzed intermolecular amination which proceeds at ambient temperatures, but only aryl iodides can react with a few substituted arylamines in the presence of a strong base like NaOt-Bu. An alternative method of C-N bond formation for the preparation of N-arylamines is the Smiles rearrangement. Solid-liquid phase-transfer catalyst tris(3,6-dioxaheptylamine) (TDA-1) activates N-alkylation of chlorinated phenoxyacetamides in the presence of KOH via Smiles rearrangement; however, the
Results and Discussion
Our interest in reactions via Smiles rearrangement with two or more reagents being used simultaneously led us to use substituted 2-chlorophenols and arylamines, activated by chloroacetyl chloride for C-N bond formation to obtain diarylamines and arylalkylamines. 19 The limitation of our methodology is that all phenols contain a chlorine atom in ortho position of the phenolic hydroxyl group. This work, combined with our Smiles rearrangement reaction system has recently led us to design the reaction of diverse phenols, amines and chloroacetyl chloride to prepare diarylamines, with chloroacetyl chloride activating these reactions (Scheme 1).
Scheme 1.
One-pot synthesis of diarylamines 3.
According to our previous study, the use of Cs2CO3 in DMF was found to be the most effective catalyst. The reaction was explored as follows: 4-Methoxyaniline (1.0 equiv.) was dissolved in anhydrous DMF with Cs2CO3 (3.2 equiv.) as base. Addition of chloroacetyl chloride (1.2 equiv.) was followed by m-cresol. The reaction went smoothly under microwave irradiation for 60 min to give N-(4-methoxyphenyl)-3-methylaniline 3a (77% yield; Table 1 , entry 1). Physical and spectral data (mp, 1 H and 13 C NMR) of 3a were in agreement with the structure. 20 The scope and electronic effect of the present method were examined using a variety of substituted phenols and anilines. As shown in Table 1 , m-and p-cresol, p-nitrophenol, and phydroxybenzaldehyde, and aniline, p-methoxyaniline, o-, m-, p-toluidine, p-nitroaniline were well tolerated in this reaction. The reaction of electron-deficient phenols and electron-rich anilines is more favorable for the rearrangement. Thus, the reactions of electron-deficient 4-nitrophenol 1c and 4-hydroxybenzaldehyde 1d with electron-rich substituted anilines 2a-d, 2f were completed within a short time (30-40 min) , and the yields of diarylamines 3l-s were satisfactory (75-92%). For the reaction of 4-hydroxybenzaldehyde 1d with electron-deficient 3- A hypothesized explanation for the results is given in Scheme 2. The O-alkylated phenol 4 undergoes Smiles rearrangement by nucleophilic attack of the nitrogen at the benzene ring carbon atom attached to oxygen forming a new C-N bond to give spiro-intermediate 5.
Rearomatization and opening of the oxazolidinone ring in 5 followed by alkaline hydrolysis of the resulting intermediate 6 in the presence of Cs2CO3 affords the diarylamine derivative 3. As shown by the reactivity of examples mentioned above, the intramolecular nucleophilic aromatic substitution of 4 forming intermediate 5 is favored by electron-donating groups R 2 in the aniline ring and by electron-withdrawing groups R 1 in the phenol ring.
In summary, various diarylamines 3 were effectively synthesized starting from readily available substituted phenols, anilines, and chloroacetyl chloride (1.0:1.0:1.2 equiv.) via Smiles rearrangement. Mechanistic studies of this method, as well as further applications in the preparation of biologically interesting compounds are under active investigation in our laboratory.
Experimental Section
General. 1 H and 13 C NMR spectra (at 300 MHz and 75 MHz, respectively) were recorded in CDCl3 with tetramethylsilane as internal reference on a Bruker Advance 300 FT spectrometer. Chemical shifts were reported in parts per million. Mass spectra (MS) were measured by ESI. CDCl3 was used as delivered from Sigma-Aldrich. Silica gel (70-230 mesh) was used for flash column chromatography. All reactions were monitored by TLC using 0.25 mm silica gel plates with UV indicator (Merck 60F254). The microwave-assisted reaction time is the hold time at the final temperature. Unless otherwise noted, other reagents were obtained from commercial suppliers and used without further purification. Microwave XH-100B (made in Beijing XiangHu Science and Technology Development Co., LTD, P.R. China) was used to carry out the reactions.
Smiles rearrangement for the synthesis of diarylamines (3). General procedure
To a magnetically stirred solution of arylamine 2 (1.0 mmol) and Cs2CO3 (1042.6 mg, 3.2 mmol) in dry DMF, cooled in an ice bath, were added chloroacetyl chloride (135.5 mg, 1.2 mmol) and substituted phenol 1 (1.0 mmol). The reaction mixture was stirred for 30 min at room temperature, then placed in a microwave oven (600 W, 150 °C) and irradiated for 30-80 min. The solvent was removed under vacuum, and water (20 mL) was added into the residue. The mixture was then extracted with ethyl acetate (4 x 30 mL). The organic layers were combined, dried over anhydrous MgSO4, and evaporated under vacuum to give the crude product 3. The pure product 3 was obtained by column chromatography on silica gel. N-(4-Methoxyphenyl)-3-methylaniline (3a). 22 
2-Methyl-N-(m-tolyl)aniline (3c)
. 24 Di-(m-tolyl)amine (3d) . 25 Di-(p-tolyl)amine (3k) . 30 Light yellow solid; mp 74-77 °C (lit. 30 73-75 °C). 1 H NMR (300 MHz, CDCl3): δ 2.28 (s, 6H; CH3), 5.49 (s, br, 1H; NH), 6.95, 6.92 (AA'; 4H; HAr), 7.07, 7.04 (BB'; 4H; HAr). 13 C NMR (75 MHz, CDCl3): δ 20.6 (CH3), 117.9 (CH), 129.8 (CH), 130.1 (C), 141.1 (C). -N-(4-nitrophenyl)aniline (3l) . 31 
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